we want to find out to which extent current studies have discussed the impacts of AT for dementia.
INTRODUCTION
For more than a decade, local governments and the European Commission have invested considerable amounts of financial resources into experimentation with assistive technologies (AT) for elderly with the goal to increase autonomy of elderly people so that they can stay longer at home [1] . This has been done based on evidence which showed that elderly people residing in a homecare setting are much more independent and active [2, 3] and economically more viable as if they would be treated in long-term care facilities [4] . Accordingly, both technologists and academics have continuously fueled the debate over and made promises that assistive technology (AT) will significantly impact the manner how cure and care will be delivered in near future [3] , ultimately resulting in more efficient health systems, and a higher quality of life of millions of senior citizens [5] .
However, voices challenging the current (and possibly future) benefits of AT become louder, since largescale social and economic impacts still need to be proven [6] . In this paper, we therefore want to investigate what the current literature tells us about the impacts of AT and how these claims are backed up (if at all) by solid evidence.
To answer the above questions, we conduct a scoped literature review [7] . In what follows, we will briefly explain our understanding and scope of AT in the context of this study. Next, we will describe our literature search process together with the scales and methodology for defining the evidence levels of the identified literature. This is followed by a derivation of stylized facts [8] which were found in the studied literature base and can be used as knowledge in the form of generalized and simplified statements describing interesting characteristics and relationships concerning empirically observable phenomena [8] .
We conclude with a critical reflection on research gaps and possible avenues for future research.
BACKGROUND AND SCOPE OF THIS STUDY
The body of literature regarding AT is due to the fact that many different connotations and meanings coexist. For instance, Marshall [9] defined AT as " […] any item, piece of equipment, product or system, whether acquired commercially, off-the-shelf, modified or customized, that is used to increase, maintain or improve functional capabilities of individuals with cognitive, physical or communication disabilities."
Gibson and colleagues [10] point to the fact that AT does not only refer to electronic equipment, but also quite simple devices such as calendar clocks, as long as they provide assistance with activities of daily living or promote activity and enjoyment. In this sense, the concept of AT is used in many fashions for describing automated, IT-reliant, and non-automated, as well as non-customized, semi-customized, and customized assistive appliances and care support services, such as for example designed and adapted to specific contexts (e.g. assisted living [11] , homecare [12] ) or different diseases (e.g. autism [13] , cerebral palsy [14] , dementia [15] ).
In this study, we focus on IT-reliant solutions for assisting people with mild cognitive impairments, such as early stage dementia patients. We constrain the scope of our literature review, because of three reasons: (i)
The literature base about AT is extensive and has rapidly grown in the past years. A limitation with regards to a specific patient group and level of sophistication was needed in order that our analysis yields meaningful and actionable findings; (ii) Dementia affects a large and increasing number of people, not only causing massive social distress, but also great economic losses-around $236 billion each year in the U.S. only [16] ; (iii) Despite the rapid technological progress manifested by a greater availability of broadband networks, increased miniaturization, and cheaper microchips and sensors, the number of elderly dementia patients using IT-reliant solutions is relatively small [17] .
Our study differs from existing studies (e.g. [17, 18] ) in that we seek to characterize the evidence level of the extant body of literature about AT and its impact on dementia patients and caregivers, as opposed to providing an aggregated discussion about the promises and peril of AT in general or a detailed description of specific impacts of a particular tool for dementia patients. The intention is thus to delineate stylized facts-i.e. a set of common findings that can be observed in most studies reporting on IT-reliant assistive tools for dementia patients although applying different methods, focusing on different technologies, or working in different contexts-in order to get a feeling of whether the high hopes and aspirations of policy-makers and technologists are legitimate or not. In the next section, we expand on the literature search process and the methodology regarding how to derive such stylized facts.
METHOD
Literature reviews are essential for any research [19] . While the assessment of related literature is key to build a foundation of any new research it is also helpful to identify suitable research methods and to derive working hypotheses. Literature reviews often lead to ideas for new studies because they help to identify research problems and gaps [20] . There are different approaches to assess the available literature of a certain field or topic [7] . Various guidelines on how to conduct high quality literature reviews are available [21, 22] . There are also some field specific guidelines for health-related reviews [23] or for technology-oriented reviews [24] .
For this study, we applied a scoping review [7] with the goal to identify research gaps and to derive stylized facts from the existing literature. In addition to the analysis of previous work, we use stylized facts [8] as a means to generate new knowledge. The method of stylized facts originates from the field of economics and has been successfully used in various other fields of research. The process to derive stylized facts from literature is illustrated in Figure 1 and will be described next. Stylized facts constitute knowledge in the form of generalized and simplified statements describing interesting characteristics and relationships concerning empirically observable phenomena [8] . They can be conceptualized as interesting patterns in empirical data documented in different sources. An important characteristic of stylized facts is their focus on the most relevant aspects of observable phenomena by abstracting from details (stylization). Thus, stylized facts are broadly supported and simplified representations of complex relationships that are not necessarily valid in every situation and context.
Stylized facts do not aim to represent causal relationships but rather interesting correlations that are observable in reality. In contrast to "classical" hypotheses, stylized facts are statements that have already been confirmed in a certain number of cases, preferably in empirical studies using different methods.
Stylized facts can support an inductive development of theory in a bottom up manner.
Problem definition
Given the demographic changes that developed countries are facing in the next decades, the cure and care of elderly is a significant problem for many public decision makers these days. In fact, providing health to a rapidly aging population with fewer resources has become one of the grand challenges of this century for many governments [25] . As described previously, we see dementia as a major challenge for both families and caregivers of affected individuals as well as society as a hole. Albeit there have been massive investments into new technologies, their impact has been modest. In this sense, we would like to systematically explore the extant knowledge base to summarize key findings which hopefully support policy-makers in taking the right conclusions.
Search process
To identify the relevant literature, we used "Alzheimer" OR "Dementia" OR "mild cognitive impairment" OR "amnesic" as keywords to characterize our target group together with "information technology" OR "information system" OR "assistance system" OR "assistive system" OR "independent living" to determine the nature of the solution space. We further restricted our search queries to journal articles and conference papers in English language and where full texts were available in disciplinary (ACM, EMBASE, PsycInfo) as well as cross-disciplinary databases (EBSCO, Web of Science). The search queries were performed on the title and abstract fields to ensure that only relevant papers are considered. The queries did not vary between the different databases. As shown in Figure 2 , as of July 2016, we obtained a total of 874 articles. potentially relevant articles. Papers were judged to be relevant when their abstracts indicated that the study gave insights into current AT prototypes or evaluations; in case a judgment regarding the relevance of an article was not possible based on the paper's abstract, we read the introduction, the discussion, and the conclusion section to decide whether to include it or not. This assessment was conducted by two researchers independently. In cases where there was no initial agreement, a third and fourth researcher were involved. One paper was added manually, as it was frequently referenced in the analyzed papers and promised novel insights. After carefully reading all papers, we ended up with 36 highly relevant articles, which we used for deriving the stylized facts which we will report later.
Documentation and assessment of original statements
The first step to obtain stylized facts is to extract a list of unmodified, original statements from the identified literature sources, which are then aggregated and interpreted in a second step. While reading the articles, we extracted 61 original statements (OS) which related to some technological, social, or economic impact of AT on dementia patients and their surroundings (see Appendix A1). According to our research method of stylized facts each statement is further allocated to one of five different evidence levels (EL) which we slightly adapted from Houy et al. [8] for our research field of AT. As described in Table 1 Fact: T is a sensor for a specific situation.
Conclusion: T supports context-sensitivity in a specific AT-relevant situation." Table 1 . Description of different evidence levels
Aggregation and abstraction to derive stylized facts
As mentioned previously, the last step is to aggregate and abstract the OS into generalized statements. A generalized statement is the quintessence of several original statements and helps to identify abstract stylized facts. Out of the 61 OS and after several rounds of review and discussion, we were able to aggregate 34 generalized statements (see Appendix A2). This intermediary aggregation step builds the foundation for deriving the stylized facts, as it simplifies the interpretation of SF which we will elaborate on in the subsequent section.
DISCUSSION OF RESULTS
As shown in Table 2 , we discovered 6 stylized facts (SF). A SF represents a highly generalized statement, which could be determined across several studies, contexts, and technologies. Each SF will be briefly described next.
Privacy is important but may be overruled by other social values (SF1)
The first stylized fact (SF1) is based on 13 original statements reported in 5 different references on the matter of privacy of AT in the context of dementia. In the iterative process to derive this SF, we found only one statement with EL 1, while the rest could be assigned to EL 4. Especially OS42 is very remarkable. In this study of EL 4 the researchers found that dementia patients seem to be rather less concerned with ethical issues with regards to continuous monitoring as media and academia suggests. A possible explanation is that patients in need favor increased quality of life (e.g. safety, mobility, autonomy) over privacy and security of personal data.
Sensors are the centerpiece of AT (SF2)
For SF 2 we found 5 statements in 4 references, which described sensors as being the primary focus of and means to advance research in the domain of AT. Evidence levels range from 3 to 4. We believe that this general assumption could be based on experiences from other fields, such as ambient assisted living, where sensors play a dominant role in the design of technological solutions.
Participatory design is essential during the development stage (SF3)
SF 3 is supported by 14 OS in 11 references, ranging from EL 2 to EL4 (with most studies reporting findings with EL3). SF3 is somewhat an indicator for the need to involve all stakeholders in the early stages of AT design. We think that this finding can be explained by high failure rates of AT projects in the past, where the attention was probably more on the exploration of technological possibilities from a 
The people dimension of AT requires more exploration (SF 5)
For SF5 we found 2 references that discussed the role of social aspects regarding the design and use of AT for dementia patients. While one study reported findings with an evidence level of 4, the other study only had evidence level 1. Although the literature basis is weak, we came to the conclusion that this is an important finding, worth a stylized fact of its own. We think that the scarce literature base in this area with different evidence levels indicates an urgent research need.
Evidence of utility and cost effectiveness of AT can be demonstrated in different contexts (SF6)
This stylized fact (SF6) is based on 11 OS in 7 references, each of which reached evidence level 4. SF6 thus supports the vision that technology can contribute to solving the societal challenge of demographic change and dementia and improving cost effectiveness of health systems. However, because the reported findings did not reach the highest evidence level, it also indicates that this assumption cannot be generalized for all contexts without any limitations or adaptations of proposed solution components.
Interestingly, little is reported on the conflicting goals of improving quality of life of patients and cost control. We believe this is a research gap worth exploring in future studies.
When we assess these stylized facts, we find that most of them are centered on technical aspects of AT.
We use the framework according to Bostrom/Heinen [49] to show how the stylized facts support the social and the technical subsystem of AT (see Figure 3) . The social subsystem comprises of human participants (people with dementia, family members, professional care-givers and health insurance etc.) and the knowledge, skills, attitudes, values and needs they bring to the AT environment. The technical subsystem comprises of devices, tools and techniques needed to transform inputs into outputs in a way which enhances the performance of AT for people with dementia. Our stylized facts provide substantial knowledge in the technology and task dimensions of the technical subsystem. However, within the social subsystem there is only some knowledge about the people dimension. No stylized facts could be identified regarding the structure dimension of the social subsystem. We think that this is an important research gap.
Further insights within this dimension would help to better understand socio-economic effects of AT in the mid-and long-term.
Figure 3. Stylized Facts in the social and technical subsystems of AT

LIMITATIONS
The contributions of this study should be viewed in light of the following limitations. Since we base our research on a literature search, other forms of dissemination (e.g. websites, documentation of practitioners, prototypes, etc.) are not considered. Furthermore, only English language papers got included in our study. While we searched many different databases we may not have accessed all relevant databases.
In addition, our search terms are somewhat limited and thus we might have missed relevant publications.
The development of the different topic categories and the assessment of the evidence level were performed by at least two independent researchers. However, this process cannot eliminate all subjectivity.
These limitations provide pathways for future research. Further studies might search for approaches on how to set up social subsystems that support the ongoing use of assistive technologies in different language areas or jurisdictions. Different search strategies with different perspectives may add value to the ongoing discussion about best practices and impacts of AT for dementia.
CONCLUSION
In this paper, we conducted a scoping review for identifying stylized facts regarding the design, use, and appropriation of AT for dementia patients. The systematic analysis of the literature let us conclude that most research puts emphasis on the technical dimension (e.g. requirements elicitation and design) and frequently neglect the ethical aspects of AT (e.g. privacy vs. safety, freedom vs. control). A handful of research projects, which we studied, dealt with questions on ethics and tensions of technology use. We believe this is an important research gap as patients and their care environment would see ethical aspects different in a much-needed state of help. However, this may contradict common privacy policies and cause unforeseen liabilities for health insurers or governmental authorities. Therefore, further research is needed to explore and disentangle underlying ethical tensions to improve our understanding of how to develop viable and acceptable solutions for patients, their caregivers, and governmental authorities.
The scoping review also showed that there is little knowledge about the social subsystem of AT for dementia (see Figure 3) . The social subsystem comprises of the human participants (people with dementia, family members, professional care-givers, health insurance etc.) and the knowledge, skills, attitudes, values and needs they bring to the AT environment. The technical subsystem comprises of devices, tools and techniques needed to transform inputs into outputs in a way which enhances the performance of AT for people with dementia. Most of the published research is focused on the technical subsystem. A lot of prototypes and proof-of-concepts in the literature are focused on the technical dimension (i.e. which tasks can be supported with which technology), but nearly nothing is known about the socio-economic effects of AT in the mid-and long-term. In our literature review we have found no AT solutions with evidence level 5 (i.e. statement is valid in specified real-world situations and not only in experiments; see Table 1 ).
This is coherent to our clustering in Fig. 3 with only two stylized facts in the people dimension but none in the structure dimension of the social subsystem of AT. We conclude from this finding that future research should not primarily focus on the development and improvement of technical solutions but focus on how to get these technical solutions to become an integrated part of the different socioeconomic systems like private households and senior residences. Research is needed to examine the socioeconomic implications and models to plan, build and run AT solutions in a sustainable manner. Helpful business models are needed for the dissemination and deployment of AT into practice. 
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